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The article briefly summarizes the history of research of the Villány Mesozoic, with a focus on the
Templom-hegy at Villány, and gives short descriptions of the important outcrops of the area. The
geologic sketch of the Templom-hegy and concise descriptions of the Upper Triassic Mészhegy
Formation, the Pliensbachian Somssichhegy Formation and the Bathonian-Callovian Villány
Formation are also given. Several sedimentary cycles were recognized in the early Mesozoic
formations exposed on the Templom-hegy. From among them, three fluvio-lacustrine, fining-upward
cycles in the Late Triassic and one (or possibly two), marine, fining and deepening upward in the
Early Jurassic, are demonstrated and evaluated in detail. The Late Triassic and Early Jurassic cycles at
Villány were deposited in a westward-tilted half-graben structure, where repeated tectonic
movements were responsible for the episodic and cyclic nature of the sedimentation. The fining-
upward trends within the three cycles probably reflect climatic changes from humid to arid
conditions. For the Middle Jurassic the paleotectonic regime changed: faulting ceased and the
territory began to sink uniformly. The Mesozoic subsidence history of the Villány area has close
analogies in the contemporaneous blocks of the European inner shelf domain (Helvetic, Briançonnais,
(central Penninic, Czorsztyn), and High Tatric Ridges, and the Bihor Autochthon). Their shared
features are intensive subsidence in the Early and Middle Triassic, followed by a long interruption of
subsidence in the Late Triassic to Middle Jurassic, then a renewed, rapid subsidence in the Late
Jurassic. The interrupted subsidence was accompanied by erosion and formation of half-grabens,
starting from the mid-Triassic. From this time on, these areas belonged to a transpression/transtension
dominated zone for nearly 70 million years, until the Middle/Late Jurassic opening of the Valais-
Magura oceanic belt.
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Introduction
The range of the Villány Hills is built up by north-vergent tectonic thrust sheets
(or nappes) (Fig. 1). In these (at least five) thrust sheets one can recognize the
repetition of dominantly carbonate successions of Middle Triassic to Lower
Cretaceous age, dipping 40–80° to the south. The Villány Hills provide one of the
best-studied surface outcrop regions of the Villány–Bihor Zone of the Tisza
Terrane (Kovács et al. 2000; Haas 2001; Csontos and Vörös 2004; Vörös and
Csontos 2006a). On the basis of the tectonic analysis of the further continuation
of the zone (in the basement of the Great Hungarian Plain and the Apuseni Mts.)
the age of the thrusting was given as Late Cretaceous (Turonian, "pre-Gosau
phase"; Császár 2002). The present-day form of the range and the locally very
steep dipping of the beds were interpreted as positive flower structures
generated by rather young (Quaternary) strike-slip movements (Bergerat and
Csontos 1988; Csontos et al. 2002).
The Mesozoic stratigraphy of the Villány Hills is summarized in Fig. 2. In the
following short description, based mainly on Bleahu et al. (1994), Császár (2002),
Csontos and Vörös (2004), Haas and Péró (2004), and Vörös and Csontos (2006a),
only certain specific characters of the formations or differences from the general
features of the Villány–Bihor Zone will be stressed. 
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Fig. 1
Geologic sketch map of the Villány Hills. 1. Middle Triassic dolomite and limestone, 2. Middle and
Upper Jurassic limestone, 3. Cretaceous limestone. Barbed lines indicate thrust faults (modified after
Fülöp 1966)
Fig. 2 →
Triassic to Lower Cretaceous sedimentary formations of the Villány Hills with approximate thickness
data. The shadowed box shows the formations appearing at the Templom-hegy, Villány (modified
from Vörös 2010)
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The Lower Triassic formations are known only in boreholes around the Villány
Hills. The Middle Triassic formations, i.e. the trinity of the Rókahegy Dolomite,
the Zuhánya Limestone and the Csukma Dolomite, with their more than 800 m
of thickness, play the principal role in the geomorphology of the mountain range.
The Templomhegy Dolomite is a specific formation of the Villány Hills because its
thinly-bedded uppermost part is interlayered with thicker clay seams and shows
apparent transition to the overlying Mészhegy Formation. This latter, "Keuper-
like" sedimentary sequence is rather thin (less than 25 m) and is preserved only
as erosional remnants in pre-Jurassic tectonic depressions.
The Jurassic sedimentation begins with a transgressive series of Pliensbachian
age. The basal, conglomeratic beds rest unconformably on the eroded top of the
Mészhegy Formation; thereafter, with a decreasing amount of terrigenous
clastics, pure limestone develops; the sequence is terminated by an erosional top
surface. This Pliensbachian Somssichhegy Formation is also restricted to local
tectonic depressions. The next, short sedimentary episode took place in the Late
Bathonian, when a thin bed of sandy, marine limestone was deposited. It is also
preserved in local lenses; in fact it is known only at the Templom-hegy (Villány).
The first widespread Jurassic formation is the well-known Callovian
stromatolitic, ammonitic bank. This deeper marine limestone, called Villány
Formation, is uniformly thin (less than half a meter) and bounded by un-
conformities from below and above. From the Oxfordian, the previous episodic
and condensed sedimentation switched to continuous and thick accumulation of
pure limestone (Szársomlyó Limestone; 300 m). The basal, micritic beds, which
were called "pelagic oolite" by Jenkyns (1972) (in fact peloidal micrite) changes to
increasingly shallow marine limestone up to the Tithonian.
The subaerial character of the next regional unconformity, in the earliest
Cretaceous, is proved by bauxite, overlain by Urgon-type limestone of
Valanginian to Albian age. This Nagyharsány Formation may exceed 400 m in
thickness. Younger Cretaceous (Albian to Cenomanian) formations (Bisse Marl,
Bóly Formation) occur only in the form of erosional fragments or in boreholes.
The Late Cretaceous, Gosau-type sedimentary and volcanic rocks, very
widespread and voluminous in the central and eastern part of the Villány–Bihor
Zone, are not known in or around the Villány Hills
The Mesozoic succession of the Villány Hills may exceed the 2000 m of total
thickness. Within this the Upper Triassic to Lower Jurassic sequences, the targets
of the present study, seem to play a subordinate role because they are thin (well
below 100 m) and are arranged into a few, episodic sedimentary cycles. However,
they provide an exceptional record of geologic events spanning a nearly 70
million-year interval between the Ladinian and Bathonian ages. These Upper
Triassic to Lower Jurassic sequences are best (and almost exclusively) known from
the Templom-hegy at Villány and in the following the paper will focus on this
locality.
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Previous research and short description of the outcrops of the Templom-hegy 
at Villány
The Mesozoic formations of the Villány Hills, and especially those exposed on
the Templom-hegy (Templom Hill) at Villány, have been among the most classical
subjects of Hungarian geology. Moreover, the last-named locality, mostly by its
extremely rich Jurassic ammonoid fauna, attracted the attention of the
international scientific community.
Hoffmann (1876) was the first to give a concise and almost perfect description
of the local geology; he rightly recognized the Middle Triassic, Middle Jurassic
and Upper Jurassic formations, but erroneously emphasized the absence of the
"Lias". Pálfy (1901) drew the first geologic cross-section of the Templom-hegy; this
was improved by Till (1906, 1907), who provided a comprehensive stratigraphic
information and published a monograph on the very rich Callovian ammonoid
fauna (Till 1910–1911). This fauna was the subject of a next, even larger and
world-famous monograph by Lóczy (1915) who summarized the geologic
knowledge of the area. Lóczy (1912, 1915, 1945) recognized a curious, loose,
clayey-sandy formation between the Middle Triassic and Jurassic carbonates
what he regarded as Miocene in age. A significant advance was made by Szabó
in 1957, whose university thesis was never published but the results of which
were integrated into a textbook by Vadász (1960). Szabó constructed a perfect
geologic cross-section through the Templom-hegy and revealed that the curious,
loose complex is a regularly deposited member of the Mesozoic sequence. Ager
and Callomon (1971) pointed out that the thick, basal formation of the Jurassic
sequence (believed to be Bathonian for a century) is of Pliensbachian age. The
present author (Vörös 1972) revised the Mesozoic stratigraphy of the Templom-
hegy and provided sedimentological data from the Pliensbachian strata and also
from the above-mentioned "curious loose complex". The latter was regarded as a
result of a short episode of sedimentation between the Middle Triassic and the
Early Jurassic. This complex was newly exposed in 1979 and was described by
Rálisch-Felgenhauer (1985) as the Mészhegy Sandstone Formation. The Late
Triassic to Early Jurassic formations of the Templom-hegy were repeatedly
portrayed in field guides (Vörös 1990; Vörös and Kordos 2007) and text-books
(Haas 2001, 2004; Császár 2005) but without significant advance in geologic
interpretation.
The Templom-hegy abounds in outcrops (quarries, road cut, tunnel, boreholes)
which, four decades ago when the author started his studies on the area, were
mostly in good condition, but nowadays many of them are destroyed or covered.
The location of the outcrops relevant to the present study is shown in Fig. 3, with
numbers corresponding to the paragraphs as follows. 
1. The quarry at the railway station exposes the Ladinian Templomhegy
Dolomite.
2. The abandoned road-cut at the Templom-hegy was exposed in historical
times, then again in 1957 and 1979; now it is badly covered. It showed the upper-
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most part of the Templomhegy Dolomite, the whole Mészhegy Formation and
the Somssichhegy Formation.
3. The big quarry at the Templom-hegy is the principal outcrop of the area; at
point No. 3 it exposes the top of the Upper Triassic Mészhegy Formation and the
Jurassic Somssichhegy, Villány and Szársomlyó Formations.
4. The boreholes Villány-1, 2, 3, 4 and 5, drilled in 1967, penetrated different
parts of the Mesozoic sequence at the Templom-hegy; from these wells, the one
providing core V-5 was the most complete. The"wine-tunnel", constructed in
1968, crossed the entire Mesozoic succession of the Templom-hegy and exposed
the Mészhegy and Somssichhegy Formations in reduced thickness. The "wine-
cellar cave", discovered during the construction of the tunnel, was developed in
steeply dipping (180/60°) Templomhegy Dolomite.
5. The eastern quarry at the Templom-hegy exposes a reduced section, where
the Mészhegy and Somssichhegy Formations are missing and the Middle Jurassic
Villány Formation rests directly upon the Ladinian Templomhegy Dolomite.
The outlines of the geology and Mesozoic stratigraphy of the Templom-hegy
On the basis of the outcrops introduced above, the basic features of the
geology of the Templom-hegy at Villány are demonstrated by two, approximately
dip-directed cross-sections (Fig. 4). They clearly show the significant divergence
between the dips and strikes of the two principal carbonate formations, the
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Fig. 3
The major surface and subsurface outcrops of the Templom-hegy and its surroundings at Villány,
showing the lines of the geologic cross-sections "A" and "B". The numbering corresponds to the
respective paragraphs in the text. The double-dashed line marks the approximate route of the "wine-
tunnel". V. á.: railway station (modified from Vörös 2010)
Templomhegy Dolomite and the Szársomlyó Limestone. The dip data of the latter
show a very narrow scatter; the average of ten measurements is 161/52° (and this
is applicable for the Villány Formation as well). On the other hand, the data
measured in the Templomhegy Dolomite show wide variation (163/61°–173/50°),
with an average of 167/56°. Thus, the average dip of the Templomhegy Dolomite
is consistently steeper. Furthermore, the thickness of the intervening Mészhegy
and Somssichhegy Formations is noticeably greater in the western (A–A') section
proving that also the strikes of the two principal formations deviate considerably.
The Mesozoic formations of the Templom-hegy are shortly described below
(for more details see Vörös 2010 in press).
1. Templomhegy Dolomite Formation. This is the uppermost member of the
Middle Triassic carbonate ramp complex of the Villány Hills. Comprehensive
descriptions of this Ladinian, well-bedded, marly dolomite were given by Nagy
and Nagy (1976) and Rálisch-Felgenhauer (1987).
2. Mészhegy Formation. This curious, loose, sandy-clayey formation was
poorly exposed and inadequately known and, for a long time, it was regarded as
Miocene in age. The best outcrop of the Mészhegy Formation, in an abandoned
road-cut between the two main quarries of the Templom-hegy was excavated and
perfectly cleaned up in 1979; its preliminary description was given by Rálisch-
Felgenhauer (1985). The section was also measured by the present author; a
detailed photographic documentation is published elsewhere (Vörös 2010, in
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Fig. 4
Geologic cross-sections across the Templom-hegy at Villány, along the lines of the abandoned road-
cut ("A") and the "boralagút" ("wine-tunnel") ("B"). M: Mészhegy Formation; dark shaded:
Somssichhegy and Villány Formations. Further legend in Fig. 5 (modified from Vörös 2010)
press). The description is summarized below and the stratigraphic column is
shown in Fig. 5. 
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In its uppermost part, the thin beds of the Templomhegy Dolomite alternate
with brownish clay layers. A thicker dolomite bed closes this formation, which is
sharply overlain by the lowermost sandstone layer of the Mészhegy Formation.
It is followed by variegated clay passing into cellular dolomitic limestone
(calcrete, dolocrete). With a sharp contact, coarse sandstone follows. The thick
sandstone shows a fining upward trend and passes into siltstone, then into
cellular dolomitic limestone alternating with green clay. This is topped by a
ferruginous crust and sharply overlain by grey sandstone. This fine-grained
sandstone passes into siltstone and variegated clay, containing large, lenticular
bodies of fine-grained sandstone. The uppermost part of the Mészhegy
Formation is dominated by greenish-gray clay that is sharply overlain by the
sandstone and conglomerate of the Lower Jurassic Somssichhegy Formation.
The age of this formation can probably be restricted to the Late Triassic; the
three fining upward cycles probably represent three separate sedimentary
episodes.
3. Somssichhegy Formation. It starts with yellowish, medium-grained quartz
sandstone with carbonate matrix, resting with slight angular unconformity upon
the Mészhegy Formation, and testifies to marine transgression. Within one meter,
the sandstone passes into almost pure limestone. This limestone bed is of variable
thickness and its upper boundary is sharp. An 80 cm-thick conglomerate follows
with increasing amount of quartzite and dolomite pebbles (0.5 to 2 cm in
diameter) in a limestone matrix. The dolomite pebbles may have been derived
from the deeper underlying Templomhegy Dolomite but the provenance of the
dominant quartzite grains is uncertain: the underlying Mészhegy Formation
does not contain detritus of such large grain-size. A remote source area consisting
of Permian/Lower Triassic coarse clastic sediments (e.g. Jakabhegy Formation), or
a crystalline basement may be supposed.
In the next unit, large pebbles or boulders of the conglomerate are embedded
into a yellowish-grey clayey-sandy-pebbly limestone matrix; a little higher up
large limestone pebbles also appear. This one meter-thick "boulder bed" was
formed by redeposition of the directly underlying conglomerate and limestone
layers reworked from a neighboring area.
With an abrupt decrease of the amount and grain-size of the siliciclastics, a
20–30 cm-thick yellowish-gray ammonitic-belemnitic-brachiopodal limestone
develops; it contains many petrified driftwood pieces as well. The rich
ammonoid fauna indicates the early Pliensbachian (Géczy 1998), and the basal
members of this few meter-thick transgressive series are thought to be of the
same age. The higher part of the 6 m-thick limestone sequence becomes bluish-
grey, thick-bedded or massive; ammonoids disappear but brachiopods,
belemnites and bivalves occur sporadically. 
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←Fig. 5
Composite stratigraphic column of the Mesozoic (topmost Ladinian to basal Oxfordian) series
exposed on the Templom-hegy at Villány, showing the sedimentary cycles, their environmental
interpretation and controls of cyclicity (modified from Vörös 2010)
4. Villány Formation. Following a long hiatus this formation begins with a less
than 10 cm-thick, yellow, Upper Bathonian sandy limestone bed (Altáró Bed). It
pinches out within a short distance (2–3 m) and only some remnants, preserved
in the surface irregularities of the underlying Pliensbachian limestone, or
reworked pebbles in the overlying unit, are seen in other outcrops (Vörös 1972,
1990; Géczy and Galácz 1998).
The next, Templomhegy Member (the classical Callovian ammonitic bed) starts
with a locally developed, 8–10 cm-thick iron oolitic limestone horizon of early
Callovian age. The dominant limonitic ooids have quartz or dolomite grains in
their nuclei; large (2–5 cm) pebbles of the Bathonian sandy limestone with
limonite crusts (oncoids) are also frequent (Vörös 1972; Géczy and Galácz 1998).
The higher part of the ammonitic bed is very widespread and rather constant in
thickness (30–40 cm) and is characteristically tripartite: the lower and upper
levels consist of large (5–10 cm) stromatolitic oncoids grown around ammonite
shells or belemnite rostra and embedded in pure limestone matrix; the middle
level is a 5 cm-thick, more or less continuous stromatolite mat with LLH
structure, showing polygonal channeled surface (Radwanski and Szulczewski
1965, 1966). The micrite matrix and the predominance of nektonic fossils
(ammonites, belemnites Paleotrix [=Bositra]) suggest a pelagic and relatively
deep-marine environment (Vörös 1990). Consequently, the stromatolites are
considered to be of deep-water origin, produced by some non-light-dependent
group of microorganisms. As a result of heterogeneous condensation, the
extremely rich ammonoid fauna contains elements of several successive middle
and upper Callovian faunal horizons (Géczy 1982, 1984).
5. Szársomlyó Formation. It is widespread in the Villány Hills, attains 300 m of
thickness and comprises the Oxfordian, Kimmeridgian and Tithonian Stages. It is
best exposed at the Harsány-hegy (Szársomlyó) at the village Nagyharsány,
where Kaszap (1962, 1963) performed a detailed microfacies study and pointed
out a shallowing upward trend. 
At the Templom-hegy, the lowermost part of the Szársomlyó Formation is
exposed in the southern wall of the big quarry, in a thickness of at least 25 m. It
rests paraconformably upon the Callovian Villány Formation. The megafauna are
extremely scarce; the microfauna of the basal beds are dominated by proto-
globigerinids. A little higher in the sequence, peloids and microoncoids become
dominant ("pelagic oolite"; Jenkyns 1972).
The early Mesozoic cycles 
A composite stratigraphic column of the Mesozoic (Ladinian to Oxfordian)
series exposed on the Templom-hegy at Villány is shown in Fig. 5; the recognized
sedimentary half-cycles and their environmental interpretation are also
displayed.
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In the Mészhegy Formation, three clearly separated sedimentary cycles can be
recognized. They are of fining-upward character as a rule. All three rest on
unconformity surfaces and start with coarser sandstone passing to finer clastics.
In Parasequence 1, of 2 m thickness, the sandstone is followed by variegated clay
and, as an end-member, a clayey, cellular dolomitic limestone layer develops. In
the nearly 5 m-thick Cycle 2 the sandstone grades into siltstone; then this cycle is
also terminated by cellular dolomitic limestone interlayered with variegated clay
seams. Cycle 3 is the thickest (around 8 m); the basal sandstone member is
followed by clay with lenticular sandstone bodies, then, above siltstone layers,
the closing member is thick, massive clay. 
The three cycles of the Mészhegy Formation represent three phases of fluvio-
lacustrine deposition in a local, Late Triassic basin. The basal sandstone layers can
be interpreted as the initial, fluviatile members of the cycles; the siltstone and
clayey layers can be regarded as lacustrine deposits, just as the cellular dolomitic
end-members, which may be qualified as calcrete-dolocrete deposits formed by
intermittent evaporation. In the absence of detailed sedimentological analysis,
the latter interpretation is only circumstantial and based on analogies (e.g. with
the playa cycles of the Germanic Keuper: Reinhardt and Ricken 2000; Vollmer et
al. 2008) and the genetic order of the layers in question. 
The cycles are, in fact, half-sequences, and are truncated: their upper boundary
is sharp in each case; their uppermost part was obviously eroded.
The Somssichhegy Formation, at first glance, can be interpreted as a single,
fining and deepening-upward cycle (Cycle 4; Fig. 5). The coarse-grained silici-
clastic material, predominant in the lower levels, diminishes upward in amount
and grain size, and a pure limestone sequence develops, with spiculitic cherty
horizons in the highest part.
The marine depositional environment is proved by the rock-forming
echinoderm, brachiopod and foraminifer skeletal material appearing in the
lowermost one meter of the sequence; a little higher, the rich ammonoid fauna
points to pelagic influence. 
At closer inspection Cycle 4 can be subdivided into two sub-cycles. The
lowermost sandstone beds of the formation, within one meter, pass into almost
pure bioclastic limestone. The thickness of this limestone bed is variable; its
upper boundary is sharp and irregular.
This lower sub-cycle is overlain by the bulk of the Somssichhegy Formation, i.e.
the upper sub-cycle, which starts again with coarse siliciclastics. In its con-
glomeratic horizon, the limestone boulders originating from the underlying sub-
cycle testify to erosion and reworking during deposition of the upper sub-cycle.
The age of the upper sub-cycle is definitely early Pliensbachian, as proved by
the rich ammonoid fauna. The lower sub-cycle may be thought as of much older.
The marine limestone bed did not provide any diagnostic fossils. The foraminifer
fauna does not contain any forms pointing to Triassic age; they seem to be of
Jurassic character (Á. Görög, pers. comm.). In the absence of any opposing
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evidence we may assign the lower sub-cycle to the Pliensbachian, but looking at
the analogies in the paleogeographically neighboring areas (Mecsek, Bihar)
where marine sedimentation begins in the Sinemurian, this older age cannot be
definitely excluded.
The Villány Formation comprises at least two sedimentary cycles, which
significantly differ from  those discussed above. The deposition of these
extremely condensed carbonates can be interpreted in terms of episodic
sedimentation on a submarine plateau, and will be analyzed in detail in another
paper. 
The Szársomlyó Formation is represented by its lowermost portion in the
Templom-hegy section. In the other parts of the Villány Hills this nearly 300 m-
thick formation shows clear features of a shallowing upward cycle. Further
details are not evaluated in the present paper.
The interpretation of the Late Triassic to Early Jurassic cyclicity
Mészhegy Formation
The thickness and geometry of the cycles recognized in the Mészhegy
Formation were determined by available accommodation space. In the present
case the evaluation of the sedimentary features points to a broad fluvio-
lacustrine environment; therefore it can be excluded that the occasional
recurrence of the accommodation space was governed by global eustatic
changes. Among further forces, the role of periodical changes of climate and local
tectonic subsidence may be taken into account.
Paleoclimatic control
The abrupt appearance of the basal sandstones of the Mészhegy Formation
above the Ladinian marly dolomite (Fig. 5) may be taken as a manifestation of the
famous "Carnian pluvial event". Although the reality of this sudden increase of
humidity in the Carnian of Europe was seriously doubted by Visscher et al.
(1994), recent studies supported the idea of the "wet Carnian", evidenced in the
Tethys ocean and on the surrounding lands of the Pangaea (Bourquin and
Guillocheau 1996; Rigo et al. 2007; Porter and Gallois 2008; Kozur et al. 2009), also
called the "Reingraben event" (Hornung et al. 2007).
The fining-upward trends within the three cycles of the Mészhegy Formation
are thought to reflect climatic cyclicity from humid to arid conditions: sandstone
(= fluviatile) → clay (= lacustrine) → calcrete-dolocrete (= evaporation in playa
lake). Similar, fluvio-lacustrine cyclicity was recognized and described in similar,
low-latitude regions (Newark Basin: Smoot 1991; Olsen and Kent 1996; Germanic
Basin: Reinhardt and Ricken 2000; Vollmer et al. 2008) and was interpreted as
orbitally forced monsoonal cyclicity. In these regions the lake-level changes of the
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large playa-lakes showed  20 kyr (precession-related) and 100 kyr, 413 kyr and 2
Myr (eccentricity-related) cycles during the Late Triassic. 
Obviously, the above model cannot be applied to the cycles of the Mészhegy
Formation, where we have only three cycles instead of at least 12 (which would
be predicted by the model, using the longest, i.e. 2 Myr, cycles and a 24 Myr long
Late Triassic). One of the reasons of this may be that the Mészhegy Formation
does not represent the entire Late Triassic. We may further speculate whether  the
three cycles of the Mészhegy Formation were restricted to the Carnian, or each of
them developed in the Carnian, Norian and Rhaetian, respectively, as was
suggested by Bleahu et al. (1994). In any case paleoclimatic control in itself is not
enough to explain their origin. The monsoonal cyclicity can be recognized in the
Villány section (Fig. 5), perhaps even in the uppermost Ladinian part with the
dolomite/clay alternations. Nevertheless, in the case of the cycles of the
Mészhegy Formation, the episodic creation of the accommodation space requires
a paleotectonic explanation.
Paleotectonic control 
Field observations and data reveal that the thickness of the Mészhegy (and also
the Somssichhegy) Formation shows considerable lateral changes: both wedge
out to the east within the Templom-hegy. On the other hand the Middle and
Upper Jurassic formations are of uniform thickness everywhere in this area. This
may have a plausible paleotectonic reason: the basal, Middle Triassic dolomite
suffered strong tectonic fragmentation before the Middle and Upper Jurassic
formations uniformly sealed the area. It is also reasonable that the cycles
recognized in the Mészhegy and Somssichhegy Formations were controlled by
repeated local tectonic movements. This complex issue may be approached by a
conceptual, strike-directed section through the Templom-hegy (Fig. 6).
As was shown above (Fig. 4) there is a distinct divergence between the average
dips and strikes of the Templomhegy Dolomite and the Szársomlyó Limestone,
which is 6° at least and locally may reach 20°. 
The vertically exaggerated section in Fig. 6 was constructed partly on the basis
of the above observation, i.e. that the strikes of the Templomhegy Dolomite and
the Szársomlyó Limestone significantly diverge. Using the minimum of 6°
divergence results in a 10 m-deviation between the top of the Templomhegy
Dolomite and the base of the Szársomlyó Limestone, within a distance of 100 m.
This kind of extrapolation of the dip data may be fallacious; therefore some,
though regrettably few, real thickness data were also used for the construction of
the section. Thus the thickness of the Somssichhegy Formation was measured as
8 m at the abandoned road-cut, 5 m at the eastern part of the big quarry, and 1.5
m in the line of the "wine-tunnel"; the Mészhegy Formation showed a thickness
of 14 m at the abandoned road-cut and 7.5 m in the line of the "wine-tunnel"; and
both formations are missing in the eastern quarry.
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On the constructed conceptual model (Fig. 6) the Villány + Szársomlyó
Formations are portrayed in horizontal position, whereas the dismembered
surface of the Templomhegy Dolomite delineates a westward dipping half-
graben, filled with the Mészhegy and Somssichhegy Formations. An essential
element of the model is the listric normal fault in the west, governing the
repeated rotational movements of the basement blocks of the half-graben
structure. It is not localized; very probably it should lie outside of the present-day
Templom-hegy. Its activity started in the latest Ladinian and persisted until the
Middle Jurassic; the Callovian beds were not affected. 
The spatial changes displayed within the three cycles of the Mészhegy
Formation are rather speculative, because of the paucity of detailed observation.
Nevertheless, it is probable that the cycles developed in the whole half-graben
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Fig. 6
E–W-trending conceptual cross section through the Templom-hegy at Villány (vertical exaggeration
×10), showing the Late Triassic to Early Jurassic half-graben structure and the asymmetric
accumulation of sediments. The numbering of the sites of thickness measurements corresponds to
that in Fig. 3. Faults are inferred or speculative. M – Mészhegy Formation; T – Templomhegy Dolomite
Formation; Sz – Szársomlyó Limestone Formation; V – Villány Formation. Further legend in Fig. 5
(modified from Vörös 2010)
with  thickness decreasing eastward. Remarkably, in the V-5 borehole clayey,
cellular limestone prevails and sandstone layers are sporadic. This implies that
the sandstone basal members of Cycles 1 and 2 wedge out eastward, and are
substituted by clay and carbonates (calcrete, dolocrete).
In a paleogeographic interpretation, the deeper zones of the gently dipping
asymmetrical basin received the fluviatile basal members (sandstones) of the
cycles, while the wider, shallower parts of the basin was dominated by lacustrine
sedimentation (clay, calcrete). After cyclical upfilling of the shallow basin, a
longer period of subaerial exposure and non-deposition followed. Renewed
movement along the listric normal fault and repeated block rotation resulted in
the development of a new asymmetrical basin, which was filled up by the
deposits of the next cycle, following the previous facies pattern. Thus, in the case
of the cycles of the Mészhegy Formation, the available accommodation space was
controlled by the repeated local tectonic movements. This sequence of events
proceeded during the Late Triassic, in relatively short episodes, separated by
longer time gaps. 
Beside the fundamental tectonic control, the nature of the sediments implies
fluctuation of the climate within each cycle. The fluviatile sandstones probably
represent short, humid periods; the clays may have been deposited in a
lacustrine environment, while the calcrete-dolocrete-like sediments may point to
intermittent evaporation of the water (playa lake) (Fig. 7). Thus, the sedimentary
cycles of the Mészhegy Formation are thought to reflect the interplay of tectonics
and climate changes. The alternations of sedimentary environments were forced
climatically, but the geometry and the episodic nature of the cycles were
tectonically controlled.
Somssichhegy Formation
The eastward pinching out of the Somssichhegy Formation (Cycle 4) is well
documented by data measured at several points; this phenomenon was also
indicated by Vörös (1972, fig. 1). The lower, thin sub-cycle is known only in the
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Fig. 7
Cartoon illustrating the development of the sedimentary cycles of the Mészhegy Formation. The
accommodation space was created by rotational normal faulting. The first phase of each cycle is
dominated by fluviatile sandstone deposition in the axial zone of the depression (A). The change of
climate from humid to arid resulted in clay and calcrete-dolocrete deposition in a playa lake (B). This
process recurred at least three times in the Late Triassic at Villány
type section; further to the east it was probably removed by the erosion of the
next, upper cycle, because it appears in the form of boulders embedded in the
basal beds of the upper cycle. The basal, coarse-grained detrital member of the
upper, major cycle definitely thins out eastward (Fig. 6). The higher, limestone
member of the Somssichhegy Formation is also thicker in the west, but in this
case we must also consider the subsequent (pre-Middle Jurassic) erosion as a
cause of this difference in thickness.
The two sub-cycles of the Somssichhegy Formation (Cycle 4) were deposited in
pre-dominantly marine settings in the Early Jurassic. The initial, neritic, shallow
sublittoral environment gradually changed into deep sublittoral, and it is highly
probable that the distant areas of the Villány Hills were also flooded in the
Pliensbachian. In spite of this transgressive phenomenon, even in the case of
Cycle 4, the accommodation space is thought to have been created by local
tectonic movements, and not by eustatic sea level rise. The relevant sea-level
curves (e.g. Haq et al. 1987; Hallam 2001) show gradual sea-level rise in the first
half of the Jurassic, yet, in Villány, the marine sedimentation was restricted to a
Pliensbachian episode. Figure 6 shows that the tectonic regime, developed in the
Late Triassic, also worked in the Early Jurassic: the half-graben structure
controlled the pattern of sedimentation.
There is no sedimentary record in Villány from the Pliensbachian to the
Bathonian. On the other hand, from the Bathonian-Callovian onwards, the
structural and paleogeographic evolution of the area changed fundamentally.
The normal faulting, previously governing the half-graben structures, ceased,
and the area of the Villány Hills became a slowly subsiding uniform submarine
plateau. This significant change in the tectonic evolution of the region can be
interpreted in terms of the tectonic history of the wider paleogeographic
surroundings. 
Megatectonic setting and early Mesozoic subsidence history of the Villány Hills
The Villány Hills belong to the Villány–Bihor Zone of the Tisza (or Tisia)
Terrane (Kovács et al. 2000; Haas 2001; Vörös and Csontos, 2006a). The
Villány–Bihor Zone is the central unit, and in many respects the "backbone" of the
Tisza Terrane. It differs markedly from the neighboring units by its Late Triassic
to Early Cretaceous tectono-sedimentary evolution. The main features are
incomplete and condensed sedimentation in the Late Triassic to Middle Jurassic
interval and carbonate platforms in the Late Jurassic–Early Cretaceous times, in
contrast to the essentially basinal facies of the Mecsek and Codru Zones to the
north and south, respectively. From the end of the Middle Triassic onward the
previously uniform Tisza Terrane began to disintegrate and the Villány–Bihor
Zone behaved as a threshold flanked by subsiding basinal areas.
Another significant change at the Middle/Late Triassic connects the Villány–
Bihor Zone to the Mecsek Zone. Both are characterized by the disruption of
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carbonate ramps into half-grabens and a switch of carbonate sedimentation to
"Keuper-like" siliciclastic deposition in the asymmetric, fault-bounded basins.
This fundamental tectono-sedimentary event was recognized here by Nagy
(1969, 1971) who interpreted these phenomena as manifestations of the "Labian"
tectonic phase. The dimensions of the half-grabens were extremely different in
the Mecsek and Villány–Bihor Zones, but this tectonic style remained a common
feature of the two zones until the mid-Jurassic.
This time interval, from the end of the Middle Triassic to the end of the Middle
Jurassic, coincides with a period of nearly zero net crustal subsidence of the
Villány area. The subsidence diagram constructed on the basis of thickness data
of the Mesozoic formations of the Villány Hills was published by Vörös (2010, in
press, fig. 27), and the respective curve is shown in Fig. 8, compared to
representative subsidence curves of other selected European areas. The sources
of data used for the construction of the subsidence curves are shown in Table 1.
In all cases, the curves correspond to the base level of the Triassic system,
irrespective of the nature of its basement. The curves were constructed simply
after the sedimentary thickness data and neither compaction nor eustatic sea-
level changes were taken into account for correction. The compared sedimentary
columns consist mostly of carbonate rocks which are presumed to have a similar
degree of compaction; on the other hand, the global sea-level rose gradually from
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Fig. 8
Subsidence curve of the
Mesozoic formations of the
Villány Hills, compared to the
curves of the Southern Alps
(eastern Lombardy), the Bakony
(Hungary) and the Schwäbische
Alb (Germany). Note the nearly
horizontal portion of the Villány
curve between the two arrows.
Sources of stratigraphic data in
Table 1. Age data from
Gradstein et al. (2004). Ma –
million years; E. – Early; Mid. –
Middle; An. – Anisian; La. –
Ladinian; Car. – Carnian; Si. –
Sinemurian; Pl. – Pliensbachian;
C – Callovian; O. – Oxfordian;
Ti. – Tithonian; B. – Berriasian;
Alb. – Albian, Schw. –
Schwäbische
the Early Triassic to the mid-Cretaceous. Thus, the curves are biased in a similar
degree; therefore they are believed to provide a good basis for comparison. The
use of sedimentary thickness as the measure of crustal subsidence is justified in
the cases where the respective part of the Mesozoic is represented by shallow
marine sediments. In other cases (e.g. Bakony, Lombardy, Mecsek), where deep-
water Jurassic is involved, further 500 m (for the Middle Jurassic) and 1000 m (for
the Late Jurassic) are added arbitrarily to the subsidence curves.
The Villány subsidence diagram (Vörös 2010 fig. 27, and Fig. 8 herein) shows
that in the first 20 million years of the Mesozoic, during the accumulation of Early
Triassic siliciclastic sediments and Middle Triassic carbonate ramps/platforms, the
area sank roughly 900 m. Then, rather surprisingly, crustal subsidence was almost
completely blocked for a long time: during the next nearly 70 million years net
subsidence was around 50 m. Beside the negligible sediment accumulation in the
local basins, considerable erosion might have worked on the elevated parts of the
tilted tectonic blocks, providing clastic input. The next 60 million year-long
period of general subsidence (from the latest Middle Jurassic to the mid-
Cretaceous) can be divided into two parts: first the Szársomlyó Limestone
Formation filled up the Late Jurassic basin and reached a pelagic platform stage;
then, over the earliest Cretaceous karst bauxites, the shallow-water platform
carbonates of the Nagyharsány Limestone Formation developed and kept pace
142 A. Vörös
Central European Geology 52, 2009
Table 1
Sources of stratigraphic data used for construction of the subsidence curves
with the subsidence until the middle Albian. By this time the total subsidence of
the area attained 1700 m.
Considering the above-mentioned long, Late Triassic-Middle Jurassic interval
of "non-subsidence", the subsidence history of the Villány area is markedly
different from that of other European regions (Fig. 8). The early Mesozoic
subsidence curves of the peri-Tethyan outer shelves largely follow the usual
trends of the post-rift subsidence of the passive continental margins: the Early
and Middle Triassic intense subsidence continued in the Late Triassic and only
slowly decreased until the Late Jurassic or Cretaceous collisions, and resulted in
the accumulation of a 6-8 km thick sedimentary column (e.g.: Southern Alps:
Winterer and Bosellini 1981; Transdanubian Mountains: Haas et al. 1995). Con-
versely, the Mesozoic subsidence curves of the inner continental areas of Europe
(exemplified here by the sedimentary column of the Schwäbische Alb, Germany)
show very slow but gradual subsidence until the Middle Jurassic, without any
marked horizontal division, i.e. without the interruption and prolonged
standstill of subsidence (Fig. 8).
On the other hand, the Villány subsidence curve shows good analogy with
those of many intra-Alpine areas. Careful studies by Funk (1985), Wildi et al.
(1989) and Wetzel et al. (2003) have demonstrated the presence of the Late Triassic
to Early Jurassic "non-subsidence", i.e. a wide horizontal portion in many
subsidence curves of the Swiss Jura and especially the Helvetic domain (e.g.
Vättis, Fig. 9). The early Mesozoic sedimentary thickness data of certain sections
of the Briançonnais Zone, the High Tatra and the Bihor Mts. portray a rather
similar subsidence history (Fig. 9). All these curves, in spite of the locally very
different total thickness values, clearly show a remarkable horizontal portion,
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Fig. 9
Subsidence curve of the
Mesozoic formations of the
Villány Hills, compared to the
curves of selected sections
from the Helvetic and
Briançonnais Zones (Western
Alps, France, Switzerland), the
High Tatra (Western Car-
pathians, Poland) and the
Bihor Mts. (Apuseni Mts.,
Romania). The shadowed
boxes designate the two main
turning points in the sub-
sidence histories of these
areas; the supposed triggering
events are also indicated.
Sources of stratigraphic data
in Table 1. Age data from
Gradstein et al. (2004). Helv.:
Helvetic; Bri.: Briançonnais;
other abbreviations as in Fig. 8
VALAIS-
MAGURA
OPENING
Bri. (Vanoise)
corresponding to the Late Triassic-Middle Jurassic interval of "non-subsidence".
Some other domains of the Alps and West Carpathians (e.g. central Penninic and
Czorsztyn) are reasonably thought to be included within this assemblage of units
but their Mesozoic sedimentary record is regrettably scanty for the drawing of
subsidence curves. In many relevant paleogeographic reconstructions for the
Triassic, these areas were located at some distance from the Tethys, within the
European shelf, mostly northward of the future Ligurian-Penninic-Váh oceanic
belt (Michalík and Kovác`´ 1982; Tollmann 1987; Ziegler 1988; Dercourt et al. 1990;
Vörös 1993; Haas et al. 1995; Haas and Péró 2004; Csontos and Vörös 2004; Vörös
and Csontos 2006b), which was less affected by the thermal subsidence of the
passive Tethyan continental margins. This might be the cause of the restricted
average thickness of the total Mesozoic sedimentary column, but does not
explain the halt and the long-term delay of the subsidence. The total thickness is
locally great in the "graben facies" (e.g. Mecsek) but even in these sections a mid-
Triassic break can be recognized in the subsidence curves. It is important to
underscore that the first phase of the subsidence history of this intra-Alpine belt
region, i.e. the rapid subsidence until the mid-Triassic, approximately matched
that of the outer continental margins (Southern Alps, Bakony) (Fig. 8).
The end-Middle Triassic tectonic event (Labian phase: Nagy 1969, 1971) is the
link between the formation of half-grabens and the inversion and the change in
the subsidence rate in the Mecsek and Villány–Bihor Zones, and in the above-
mentioned belt of the Alpine-Carpathian region. It seems that the major part of
this belt, in contrast to the peri-Tethyan outer shelves, was dominated by
compression (complemented with local extension) for nearly 70 million years.
This partly elevated belt, with emerged ridges and local half-grabens may be
called the Paleoalpine Range. 
The compressive stress field might have been produced by the ongoing
Cimmerian orogeny (Sengör et al. 1980; Michalík and Kovác`´ 1982; Ziegler 1988;
Jurewicz 2005), when, by the subduction of a Paleotethys arm, the Cimmerian
continent collided with the Laurasian margin. According to the detailed analysis
by Sengör (1984), however, the resulting fold-belt, strongly developed across Iran
and Anatolia, did not reach beyond the Balkans or perhaps the Eastern
Carpathians, and did not affect the westernly-lying Alpine-Carpathian areas. The
onset of the fundamental tectonic changes in the Paleoalpine Range can surely be
connected to the Labian phase of the Cimmerian orogeny in time, but since true
shortening (thrust-folds, nappes) is not recorded, the steady compression lasting
until the mid-Jurassic must have another cause.
It is more probable that the long-term compression along the Paleoalpine
Range was produced by the stress field of a strong sinistral strike-slip zone,
where, besides the prevailing transpression, transtensional basins might have
been formed (Vörös and Csontos 2006b). In fact, everywhere in the well-studied
parts of the Paleoalpine Range, one can find "graben facies" close to the "ridge
facies", i.e. thick sediment accumulations close to the reduced and incomplete
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sequences. This is well demonstrated in the Helvetic and the Briançonnais Zones
where, especially in the Jurassic, the grabens sank excessively (Fig. 10). The
difference between the subsidence rates of the ridge and graben is even more
spectacular within the Tisza unit, between the Villány and the Mecsek Zones (Fig.
11), though it must be noted that the Mecsek S column (near Pécs) is
exceptionally thick within the entire Mecsek Zone of the Tisza Unit. Looking at
Figs 10 and 11, it is remarkable that a nearly horizontal Late Triassic segment, or
at least a mid-Triassic break in the subsidence curves, can be recognized even in
the cases of the "graben facies". The array of elevated, tilted blocks and adjacent
half-grabens, as resulting from transpression and transtension, are characteristic
features of strike-slip zones.
This wide and complex zone (Paleoalpine Range) was connected to global
lithospheric plate boundaries. In the Late Triassic and Early Jurassic there was a
large-scale sinistral strike slip zone along the future Central Atlantic (Swanson
1982) where rifting started in the Carnian (Piqué and Laville 1996; Le Roy and
Piqué 2001). This major rift zone reached to the Alpine region through a Maghreb
transform zone (Trümpy 1988; Ziegler 1988) and thus to the Paleoalpine Range as
well. Here the transpressional stress field still persisted during the time of the
initial opening of the Central Atlantic (Toarcian-Aalenian: Hallam 1975; Stampfli
and Borel 2002). The Early Jurassic birth of the Ligurian-Penninic oceanic belt had
little effect on the Paleoalpine Range; the transpression continued until the end
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Fig. 10
Subsidence curves of selected ridge and graben successions of the Western Alps. Sources of
stratigraphic data in Table 1. Age data from Gradstein et al. (2004). Abbreviations as in Fig. 8
of the Middle Jurassic, when the Valais-Magura oceanized belt of Baja California-
type opened along the previous strike-slip zones. By this movement the
compression ceased and the Paleoalpine Range was dissected: the Helvetic units
remained on the European continental margin, while the Briançonnais, Central
Penninic, Tatric and Tisza Units became partly (Trümpy 1988; Vörös 1993; Csontos
and Vörös 2004; Haas and Péró 2004) or entirely independent from the European
shelf as microcontinents (continental fragments) (Michalík and Kovác`´ 1982;
Jurewicz 2005; Vörös and Csontos 2006b). From this time onward the fragments
of the Paleoalpine Range (Briançonnais, Central Penninic, Czorsztyn, High Tatric,
Villány–Bihor) were surrounded by oceanic or transitional crust on both sides,
and in the Late Jurassic, their subsidence rates approximated again the usual
values of subsidence of the passive continental margins. However, they kept their
relatively elevated, submarine ridge position, because the thinning process of
their continental crust was interrupted and hindered for nearly 70 million years.
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Fig. 11
Subsidence curves of ridge (Villány) and graben (Mecsek) successions of the Tisza Unit (Hungary).
The Mecsek S section is of exceptionally great thickness. The Mecsek N section is nearer to mean
thickness in the Mecsek Zone but its Lower to Middle Triassic part is unknown. Sources of
stratigraphic data in Table 1. Age data from Gradstein et al. (2004). Abbreviations as in Fig. 8
Conclusions
1. Several sedimentary cycles were recognized in the early Mesozoic
formations exposed on the Templom-hegy at Villány. From among them three
fluvio-lacustrine, fining-upward cycles in the Late Triassic and one (or possibly
two), marine, fining and deepening-upward in the Early Jurassic are
demonstrated and evaluated in detail. 
2. The Late Triassic and Early Jurassic cycles were deposited in a westward-
tilted half-graben structure, where the repeated tectonic movements were
primarily responsible for the episodic and cyclic nature of the sedimentation. The
fining-upward trends within the three Late Triassic cycles are interpreted as
reflecting climatic changes from humid to arid conditions.
3. The two Early Jurassic sub-cycles were deposited also in a half-graben, but in
dominantly marine setting. The initial, neritic, shallow sublittoral environment
gradually changed into deep sublittoral, and it is highly probable that the distant
areas of the Villány Hills were also flooded in the Pliensbachian. For the Middle
Jurassic the paleotectonic regime changed: the faulting ceased and the area
started to sink uniformly. 
4. The Mesozoic subsidence history of the Villány area has close analogies in
the contemporaneous blocks of the European inner shelf domain (Helvetic,
Briançonnais, (central Penninic, Czorsztyn), and High Tatric Ridges, Bihor
Autochthon). Their common features are the intensive subsidence in the Early
and Middle Triassic, followed by a long interruption of subsidence in the Late
Triassic to Middle Jurassic, then a renewed, rapid subsidence in the Late Jurassic. 
5. From the mid-Triassic "Labian phase", the above-mentioned intra-Alpine
territories belonged to a transpression / transtension-dominated strike-slip zone
for nearly 70 million years, until the Middle/Late Jurassic opening of the Valais-
Magura oceanic belt, but even afterward they usually kept their relatively
elevated, submarine ridge position.
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